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FOREWORD 
This report presents the techniques applied in compiling the 
Tranquillity Base Surface and Experiment Positions Map. 
mathematical formulas used in recapturing the geometry of the 
oblique photography and constructing a transfer grid are explained 
The 
in detail. 
discussed. 
Problems encwntered and the errors involved are alsp 
The Tranquillity Base Surface and Experiment Positions Map 
is included as an appendix. 
T h i s  report was prepared by Lockheed Electronics Company, 
Houston Aerospace Systems Division, under contract N4$ 9-5191 
in response to Job Order 60-094 (Action Document 63-261 6*00%. 1 7 4  
Graphic Documentation) issued by the Mapping Scienues Laboratory, 
Manned Spacecraft Center, Houston, Texas. 
Special gcknowledgement is made t o  Mr. K. M. Renfro, of the Lunar and 
Earth Sciences Department, for l-&~ valyable assistance in deriving the 
techniques and the mathematical formulas involved. 
acknowledgement is made to Mk. G. L. Gutschewski, of NASA’s Mapping 
Sciences Laboratory, for guidance and direction and to Mr. R. D, Esten, of 
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In addition, special 
suggestions to improve the overall content. 
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TECHNIQUES APPLIED IN COMPILING 
THE TRANQUILITY BASE SURFACE 
AND EXPERIMENT POSITIONS MAP 
A. INTRODUCTION 
Three magazines of photography were taken with the 70mm 
Electric Hasselblad Camera by Astronauts Armstrong and Aldrin from 
the spacecraft and from the surface at Tranquility Base. 
frames of this photography, the scientific instruments, flag and 
In some 
the television camera were portrayed in their relative positions to 
the spacecraft. In addition, excellent detail of the lunar surface 
at a scale never seen before was portrayed. 
After screening this photography, the feasibility of making a 
map using basic photogrammetric principles was discussed. The result 
of this discussion was to research and attempt to position the various 
instruments relative to the spacecraft. In addition, as much detail 
of the lunar surface as feasible was to be included to balance the 
graphic. 
The resulting map, if possible to compile using basic photo- 
grammetric principles, would serve as a working map for experiments 
and site documentation until a more accurate one was available. 
B. RESEARCH 
Most present-day authors of photogrammetry stress the use of 
plotting instruments in mapping. Various techniques using basic 
h 
, 
photogrammetric pr inciples  i n  mapping were researched f o r  appl icat ion 
t o  this problem, with l i t t l e  success. .* 
The graphic resect ion method was the  first method attempted t o  
t r ans fe r  ground d e t a i l  from the  photography t o  the  base. 
method proved t o  be unrel iable  with t h i s  near horizontal, ground 
photography. 
T h i s  
Next, the horizontal  ray project ion method was attempted. This 
method w a s  s a t i s f ac to ry  but required s te reo  views of the  d e t a i l  t o  
be t ransferred.  I n  addition, it w a s  very t i m e  consuming, because 
each point t o  be t ransfer red  had t o  be t rea ted  individually.  
The Canadian Grid method, with some modification, was determined 
t o  be the most r e l i a b l e  method of  t ransfer r ing  the photographic 
d e t a i l  t o  a base. 
C .  METHODS USED I N  ESTABLISHING RELATIVE POSITIONS 
I n  order t o  es tab l i sh  posi t ions of  features  r e l a t i v e  t o  each other,  
a fea ture  must be located on a base with a l l  other features  located i n  
respect t o  thj.s fea ture .  
fea ture  i n  this map and a l l  other  features  were located r e l a t ive  t o  it. 
The lunar  module was used a s  the  datum 
I n  locat ing the s c i e n t i f i c  experiments plus the f l a g  and te lev is ion  
camera, two o r  more frames, portraying the lunar module and these 
objects  were required. Frames AS11-30-5948 and AS11-40-5949 were used 
i n  f u l f i l l i n g  t h i s  requirement, Figs. 
In  addition, t he  geometry of the 
order t o  posi t ion the  images i n  t h e i r  
1 and 2. 
camera had t o  be established i n  
r e l a t ive  ground locat ions.  
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FIGURF, 1. FR.AME A S l l - 4 0 - 5 9 4 9 .  VIEW OF T H E  LUNAR MODULE AND 
EXPERIMENTS TAKEN FROM THE LUNAR SURFACE. 
3 
FIGURB 2 .  FRAME AS-11-40-5948. VIEW OF TKF: LUNAR MODULE AND 
EXPERIMENTS TAKEN FROM TKF: LUNAR SURFACE. 
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I n  recapturing the  geometry of the  oblique photograph cer ta in  basic  
photogrammetric techniques were applied. These included: es tabl ishing 
the  apparent horizon, the  pr inc ipa l  point, t h e  pr incipal  l i ne ,  t he  
depression angle, the  isocenter ,  t he  nadir  and the  horizontal  angle 
of images t o  be t ransferred.  
The apparent horizon l i n e  was established by constructing a l i n e  
tangent t o  the  horizon on the photography. 
t he  apparent and t rue  horizons on this photography was negligible,  
(The difference between 
v 
s o  the  apparent horizon was used i n  a l l  measurements). 
The pr inc ipa l  point was establ ished by in te rsec t ing  the  four 
corners of  the photographs on frames without reseaux. On frames with 
reseaux, the  cen t r a l  reseau marks the  approximate locat ion of the  
pr incipal  point.  
A perpendicular drawn from the  apparent horizon l i n e  through the 
pr incipal  point es tabl ishes  the  pr incipal  l i n e  of the  photograph, 
Fig. 3 .  
The depression angle Qf t he  photograph was established using the 
following formula: 
YO 
8 = arctan - f 
8 = depression angle 
' 0  = measured distance from the pr incipal  
point t o  t h e  horizon along the  pr incipal  
l i n e  
f = ef fec t ive  foca l  length 
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F I G U R E  3 .  GEOMETRY OF A PHOTOGRAPH PORTRAYING APPARENT HORIZON, 
P R I N C I P A L  P O I N T  AND P R I N C I P A L  LINE 
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Upon determining the  depression angle, t he  tilt angle of t he  
photography was established by subtract ing t h e  depression angle from 
90'. 
half angle distance between the  pr inc ipa l  point and the  nadir,  
Fig. 4 )  using t h e  following formula: 
The tilt angle was then used t o  e s t ab l i sh  the  isocenter  ( the 
i d  = f t a n  & 
i d  = distance from pr inc ipa l  point t o  the  isocenter  
along pr inc ipa l  l i n e ,  i n  the  d i rec t ion  of t he  
nadir  
f = ef fec t ive  foca l  length 
t = angle of tilt 
The distance from pr inc ipa l  point t o  nadir was calculated using 
the  formula. 
nd = f t a n  t 
nd = distance from the  pr incipal  point t o  the  
nadir  measured along the  pr incipal  l i n e  
f = ef fec t ive  foca l  length 
t = tilt angle 
The horizontal  angle (the angle a t  the  nadir between a given 
point and the  pr inc ipa l  l i n e )  was established by calculat ing the 
paral lax of  each image point t o  be t ransferred,  Fig. 5. By measuring 
the  perpendicular distance of t he  image point from the  pr incipal  l i ne ,  
and the perpendicular distance from the  apparent horizon, the parallax 
7 
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FIGTJRE 4 .  GEOMETRY OF A PHOTOGRAPH PORTRAYING THE 
POSITION OF THE ISOCENTER AND NADIR 
i 
a. 
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FIGURE 5 .  GEOMTRY OF A PI-IoTommr PowiuyIi\iG TIE TRUE 
HORIZONTAL ANGLE OF AN IMAGE POmT ( a ) .  
of the point w a s  then established using the  formula: 
Px= 
Px = 
x =  
Y '  
f =  
- 
yo - 
A ray constructed 
x (f2 f Y , 2 )  
f 2 4- Yo 2 - YoY 
--. 
distance measured from principal  l i n e  
along the  horizon l i n e  
perpendicular distance Prom pr inc ipa l  
l ine  t o  image point 
perpendicular distance from a horizon 
l i n e  t o  image point 
e f fec t ive  foca l  length 
distance from vanishing point ( inter-  
sec t ion  of horizon l i n e  and pr incipal  
l ine)  t o  pr inc ipa l  point measured along 
the  pr inc ipa l  l i n e  
from the  isocenter  through t h i s  paral lax 
distance on the  horizon establ ishes  a true horizontal  angle. 
Horizontal angles were established on the  photographs 
ASll-40-59.48 and ASII-40-594.9 f o r  the s c i e n t i f i c  instruments, f l a g  
and te lev is ion  camera. 
map base using the  spacecraft  l egs  a s  t he  control lsd ray in te rsec t ions  
The in te rsec t ion  of corresponding points on each photograph determines 
the  posi t ion of these points r e l a t i v e  t o  t h e  control points, a t  the  
equivalent sca le  of the control  points.  
The constructed rays were intersected on the  
After the  instruments, e tc . ,  were transferred t o  t he  base, they 
were used as control  points t o  a l ign  the photographs taken from the  
10 
LM spacecraft. These photographs, as shown in the panorama in Fig. 6, 
were used to fill in additional detail because (1) the canera station 
, 
was higher and constant, and (2) the depression angle was greater than 
photographs taken from the surface, thereby providing a more accurate solution. 
A modified Canadian grid was used to transfer lunar surface 
detail from the photograph to the map. In constructing this grid the e 
depression angle was established using the formula prsviously explained. 
The distance from the horizon to the scale line was calculated 
using the following formula: 
hd = H Sec €3 
m 
hd = distance from vanishing point (intersection of 
horizon line and principal line) to scale line, 
measured in inches along the principal line 
H = altitude of camera in feet 
I 0 = depression angle 
m = selected scale increments in feet 
At this point a scale line was constructed parallel to the horizon 
line, and one inch increments were marked on the line. A line was drawn 
from vo (vanishing point) through each point marked on the scale line, 
Fig. 7. 
The result is a series of lines equal distance apart and parallel 
to the principal line on the lunar surface. 
The distances from the nadir to selected intervals along the 
principal line were calculated using the following formula: 
(YOID - Hf d = f  
fD t yoH 
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APOLLO 11 LUNAR SURFACE PANORAMA TAKEN FROM THE L M 
scale l i n e  - 
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FIGURE 7. PARALLEL LINES O N  A PSOTOGRAPH 
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d = distance f rom pr inc ipa l  point along 
pr incipal  l i n e  i n  millimeters on the  
photograph 
f = ef fec t ive  foca l  length 
H = a l t i t u d e  of camera s t a t i o n  
= distance from the  pr incipal  point t o  the  
horizon along the  pr incipal  l i n e  on the 
photograph 
Y O  
D = selected distance in te rva ls  from nadir 
along pr inc ipa l  l i n e  on the surface 
Using 10 foo t  in te rva ls ,  p a r a l l e l  l i n e s  t o  the horizon l i n e  
were constructed a t  the  distances calculated with the  above formula, 
Fig. 8.  This completed the modified Canadian Grid, whereby d e t a i l  
could be t ransfer red  from the  photograph t o  the  map base with a 
reasonable amount of accuracy. 
The photographs taken from the  LM windows were screened and the  
gr id  described above was constructed on each of the following frames: 
AS? 1-37-5461 , 54.88, 5549; AS1 1-39-5768, 5770, 5834; AS1 1 -hO-5847, and 
5848, Fig. 9. 
Upon completing the gr id  f o r  each photograph, the  horizontal  
angles were calculated from the  isocenter  t o  the images used a s  control  
points on the  base; and rays weye constructed t o  e s t ab l i sh  the pr incipal  
l i n e  of each photograph, on the  base. A 10 foot  gr id  was constructed 
a t  the  base sca le  t o  a id  i n  the  t r ans fe r  of d e t a i l  f rom the  photograph 
t o  the  base, and v isua l  t r ans fe r  of lunar surface d e t a i l  was 
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FIGURE 8. MODIFIED CANADIAN G R I E  
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FIGWE 9. WORKING PROTOGKAPI-I WJTE YIODIF'IED C A W M  
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accomplished using corresponding 10 foot  gr id  sqmrason the  photograph 
and on the  base as t r ans fe r  guides. 
I n  the  a rea  not covered by photography from the  LM window, the  
posit ioning of fea tures  w a s  accomplished by p lo t t i ng  distances and 
azimuths from a point on the  la rge  c ra t e r  ( 100' diameter) t o  t he  
eas t  of t he  LM, located from Lunar Orbiter photography, 
d e t a i l  was t ransferred by graphic resect ion from the  lunar surface 
photography. 
D. PROBLEMS ENCOUNTERED 
Additional 
Many 'problems arise i n  the  posit ioning of fea tures  when constructing 
a surface map using the  techniques described above. 
work favorably i n  areas t h a t  are r e l a t ive ly  f l a t ,  where the  v e r t i c a l  
angles do not create  a measurable error. 
such as t h i s ,  t he  greater  t he  height of  the  camera s t a t i o n  (up t o  a 
ce r t i an  point) ,  the  more accurate the technique w i l l  be because of  the  
smaller r e l a t i v e  s i z e  of e r ro r s  i n  estimation. 
These techniques 
Also, fo r  ground photography 
I n  the  area u f  Tranqui l l i ty  Base the  changing v e r i t c a l  angle of each 
photograph, due t o  t e r r a i n  roughness, created e r ro r s  i n  the  f i n a l  product. 
Less e r ro r  was encountered by using frames taken from the  windows of the  
lunar  module where the  camera elevat ion was higher and more constant. 
However, s ince the  photography taken from this posi t ion covered only 
approximately 180 degrees, no closure could be accomplished. 
The surface photography used i n  the  area t o  the  eas t  of the  LM was 
extremely hard t o  control because of  the changes i n  elevation, low 
height above ground of the  camera, and the r e l a t ive  roughness of the  
17 
t e r r a i n .  The error  due t o  r e l i e f  i s  f e l t  t o  be qui te  la rge  i n  t h i s  
area of the map. 
The general accuracy of the  map can only be estimated. In  the 
western area of t he  map, the estimated posi t ional  e r ror  i s  ,+ 5% t o  a 
r a d i a l  distance of 100 f e e t .  
distances beyond 100 feet ,  the  estimated posi t ional  e r r o r  i s  ,+ 10%. 
This estimation is  based upon the  enlargement of Lunar Orbiter V 
For the  eastern area, and a l l  r ad ia l  
photography and the  scale  of t h e  photography used. 
E. CONCLUSIONS 
The posit ioning of fea tures  on a base using t h i s  type of 
photography and these techniques can be accomplished with a reasonable 
amount of  accuracy, but t he  appl icat ion of  these techniques are  tedious 
and time consuming. 
working map t h a t  is  extremely useful  f o r  r e l a t ive  posit ioning of 
experiments and s i t e  documentation. 
However, the  r e su l t i ng  map provides a preliminary 
I 
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